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This final report covers the work performed on Departiment of the Air
Force Contract No. F19628-81-C-0072 by the Analytical Department of
Eagle-Picher Industries Inc.,Miami, Oklahoma and covers a period of time

from July 1, 1981 thrcugh December 31, 1983.

I LITERATURE SURVEY

The first part of this contract was the performance of a literature
survey of analytical methods for trace analysis in quartz and fluoride
glasses.

Ouring this search the Dialog on-line retrieval service was used. This
service allows many sources to be checked in a relatively short time.

The literature for the period 1972-1981 inclusive dealing with quart:z
and fluoride glasses was surveyed using the Chemical Abstracts data base.
Key words which were used in the broadly defined search were the fellowinc:
quartz, dimpurity, silica, 1ithium, sodium, potassium, aluminum, fluorice,
fluoride glass, analysis, determination and amorphous. A total of more thar
2100 articles were identified about 10% of which were pertinent to the
preject. It is not surprising that most of the analytical references fourd
were for impurity levels much higher than we were interested in. It
therefore became necessary to develop an analytical procedure suitable te

our purposes. The results of the literature search were forwarded to the




contract monitor. The analytical procedure developed in this labcratory was
used for subsequent analytical work on this contract. A copy of this

procedure can be found in Appendix I.

II  ANALYSIS OF SAMPLES

A total of 205 samples were analvzed on this contract. These incluced
not only samples of quartz and quartz-growth related materials but also
samples c¢f Lithium Niobate, Indium, Phosphorous and Indium Phosphide.
Almost all of the samples were analyzed using the analytical procedure
developed in this 1laboratory. (See Appendix I) Some of the special
samples, however, were analyzed by Emission Spectrogrpahy using a standard
laboratory procedure.

The analytical proc;aure developed in this laboratory proved to be verv
good in that it allowed very little opportunity for sample contamination.
The 1imiting factor in this procedure is not the dissolution of the sample
but the final detection of the required elements. Atomic abscrption was
used during this contract. This Timited our detection limits due to sample
dilution. We intend to use an Inductively Coupled Plasma/Mass Spectrcmeter
on these and similiar samples 1in the future. e expect this rew
state-of-the-art instrument to lower our detection limits for these elements
to the parts-per-billicn range.

Analvtical results on all of these samples are reported in Tebles 1

through Tables VII.
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TABLE 1T
Af Contract F-19628-81-C-0072
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Si Mg Fe N1 Al
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TABLE VI

Indium Phosphide Samples

ug/e

Sample Fe Ge Sn

8-29-83
1 ND ND 35.
2 ND ND 53.
3 ND ND 63.
4 ND ND 50.
5 ND MD 61.
6 ND ND 76.
7 ND ND 640,
8 ND ND 7800.
A ND 2500. ND
B ND 2000. ND
C ND 126. ND
D 580. 50. ND

9-20-83

Special (Ahern) 2.8

12
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Appendix 1

Analysis of Quartz for Impurities
Application: This method dis applicable to the determinetion of
aluminum, iron, sodium, lithium, potassium and silver. Two grams of
sample are required for duplicate analyses.

Summary: A sample is dissolved in teflon in a Parr bomb using

“ultra-pure HF- acid. The silica in the sample is then volatilized in

platinum. The impurity containing residue is put into solution usirg
ultra-pure HNO3; acid. The analysis is completed wusing Atomic
Absorption.

Apparatus:
1. Perkin-Eimer 5000 AA with graphite furnace capability.
2. Parr 4745 acid digestion bomb.
3. Platinum crucibles.
4. Volumetric flasks-10 ml.
§. Furnace or oven capable of 130 C.

Reagents and Standards:

1. Ultra-pure HF acid.

2. Ultra-pure HNOj; acid.

3. Ultra-pure H S0, acid.

4. Ultra-pure acetone,

5. Demineralized water.

6. AA standards for the desired elements.
Analysis:

1. The quartz ingot is washed well with acetone and water to
remove any sealing wax used in sawing.

r
.

The ingot is then wrapped in several Tlayers of kleenex and
broken into shards with a hammer.

3. The shards are then collected in a cleaned pyrex beaker and
washed repeatedly with acetone, HC1, HNO3 and demineralized
water. They are finally washed with several chances of
demineralized water. The shards are then dried carefully.

4, A sample is weighed from these cleaned and dried shards and
placed in a similarily cleaned teflon cup for the Parr 4745
acid digestion bemb. The shards should be small,

5. Five ml. (for a 1 gm sample) of ultra-pure HF is added to the
teflon cup and the bomb is carefully assembled.

1k




10.

11.

12.

The bomb is then placed in an oven and heated at 120 C

.overnight.. This should completely dissolve the sampie but

additional time may be needed if the shards are verv large,
The bomb is then removed from the oven and allowed to cool.

The bomb 1is then carefully opened (wear rubber alcoves and
safety glasses) and the teflon cup removed. The cup is opened
carefuily to avoid spilling the contents and washed carefully
into a clean platinum crucible.

Add 2 drops of ultra-pure H2SQs and carefully heat the
crucible to evaporate the HF and thus volatilized the silica
as silicon tetrafluoride.

The residue remaining in the crucible (containing the impurity
elements) is put back inte solution by adding 3 dreps of
ultra-pure HNO; and a small amount of demineralized water.
Heat gently but do not evaporate.

The contents of the crucible are very carefully transferred to
a cleaned 10 ml volumetric flask and made to volume with
demineralized water.

The analysis is completed using Atomic Absorption and the
graphite furnace 1if necessary. Use carefully prepared
standards and blanks.

Note: A1l glassware must be carefully cleaned before use.
Do not get anything from the outside of the crucibles
in the solution. Use rubber or plastic gloves and
eye shields when handling HF and other acids.
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MISSION
of
Rome Avr Development Center

RADC plans and executes research, development, test and
delected acquisition programs in A%ppo/tt of Command, Control
Communications and Intelligence (C31) activities. Technicatl
and engineering support within areas 0f technical competence
48 provided to ESD Program ogmu (P0s) and other ESD
eloments. The principal ( mission areas are
communications, electromagnetic guidance and control, sur-
veillance of ground and aerospace objects, intelligence data
collection and handling, infonmation system technology,
{onospheric propagation, solid state sciences, microwave

physics and eloctronic Reliability, maintainahility and %
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